Abstract. We studied population distribution of vibrational levels for the 2 1 Π of NaLi molecule from vibrational level v = 0 to v = 16. The population of the levels was calculated numerically by solving the radial Schrodinger equation with an experimental potential extrapolated to the dissociation limit via a long range potential. We found that, for each highly excited level its population distribution is favorable around the right turning-point. The results provide important information for choosing convenient experimental parameters and explaining dynamical processes in the molecule.
I. INTRODUCTION
The advent of femto-second laser spectroscopy techniques opens ways to explore dynamical processes in molecules after optical excitations. The molecular dynamics has been now an interesting field for spectroscopists, biologists, and chemists in order to understand intermolecular transitions. In experiments for investigation of molecular dynamics, the population distribution of vibrational levels is crucial information for setting parameters [1] . Recently, alkali-metal diatomic molecules are particular interested for this kind of spectroscopic experiment because of their simple electronic structure and their spectra lying in UV-Vis region, which is easily excited by commercial laser sources. Therefore, there is a need of information for population distribution of vibrational levels in this kind of molecules. Finding ways of interpretation spectra, which consist of spectroscopic terms and intensity distribution, is an indispensable stage in and spectroscopic research. The usual way, which is based on the adiabatic approximation, is to represent spectroscopic term with eigenvalues of the so-called Radial Schrödinger Equation (RSE) as [ 
where µ -reduced mass of the two atoms; v and J are vibrational and rotational quantum numbers, respectively; Λ -quantum number of the project of total angular momentum on the internuclear axis (Λ = 0, 1, 2 . . .); R-internuclear distance; χ-vibrational wave function; and U (R)-potential energy of the molecule.
II. THE POTENTIAL ENERGY OF THE 2 1 Π STATE
The experimental data used in this work consist of 732 spectral lines in the 2 1 Π ←1 1 Σ + band. The data obtained by the polarization labeling spectroscopy technique [7] corresponding to 0.1 cm −1 experimental uncertainty in Fig. 1 . The characteristic feature of spectra was that all the recorded progressions terminated abruptly at ν ≤ 16, independently of the starting ν level, although the vibrational separations had not converged. In the first stage of the analysis we tried to fit in a least squares sense all the experimentally determined energies of vibrational levels in the 2 1 Π state with the well known Dunham expansion. In the final analysis 17 molecular constants were fitted to 732 spectral lines [7] . These molecular constants were used to calculate a preliminary rotationless RKR potential curve of the 2 1 Π state in Table 1 . We used the Inverted Perturbation Approach (IPA) method in which the short range potential (for R < R out ) is represented by a set of grid points [R i ,U i ] whereas in the long range an analytical expression
is employed [10] . In general, the values U i ,C n ,U ∞ and R out are fitting parameters to be adjusted in such a way that the difference between the measured level energies and their counterparts calculated from the molecular potential is minimum in a least squares sense. The final potential curve is defined in the range 2Å≤ R ≤ 11.92928Å by 37 parameters U (R) and for R > 11.92928Å by 4 long range parameters [U ∞ ,C n ], all of them are listed in Table 2 [7]. R out = 11.92928Å, U ∞ = 24059.6 cm −1 , C 6 = −2.538 · 10 7 cm −1 (Å) 6 , C 8 = 1.902 · 10 9 cm −1 (Å) 8 , C 10 = 1.556 · 10 10 cm −1 (Å) 10 .
III. CALCULATION OF THE WAVE FUNCTION
We used the potential energy and the eigenvalues corresponding to the vibrational levels from ν = 0 to ν = 16 of the NaLi in 2 1 Π state. The RSE was solved in a grid 0.0001Å of the internuclear distance by means of Numerow -Cooley method [2] , the wavefunction of NaLi in 2 1 Π state calculated the R internuclear distance from 2Å to 16Å. Here, we found the wave function of vibrational levels from ν = 0 to ν = 16. The wavefunctions of the vibrational levels take the form of numbers. We take the wavefunction squares to determine the population distribution of vibrational states. Fig. 2 describes the population distribution of a number of vibrational levels by distance R. Figure 2 shows that the population is distributed unequally among the vibrational levels, the lower level vibrational amplitude is greater. In the same vibrational level, the population distribution is uneven residence with distance R between two turning points. Furthermore, corresponding to vibrational quantum number v = m, the distribution function of residence have m+1 maximum. Figure 3 shows that the population at outside turning points decreases rapidly but it is still greater than zero. The population distribution does not eliminate reside turning points as a consequence of quantum mechanics on the continuity of the wave function. On the other hand, in the same vibrational level, the population distribution is largest near the turning points. The high vibrational levels (ex at level ν = 16), the population distribution are mainly concentrated near the right turning point. Physically, this is explained by the force between two atoms at the turning point left more than at the right turning-point so that the time be available at the right turning-point more than at the left turning-point.
IV. CONCLUSIONS
We have studied population distribution of vibrational levels in the 2 1 Π state of NaLi molecule up to near dissociation limit. It has been shown that the population is distributed unequally among the vibrational levels. On the other hand, in each vibrational level with quantum number m, the node has m + 1 maximum. Furthermore, the population distribution drops rapidly but not vanished. These behaviors provide important information for choosing convenient experimental parameter and explaining dynamical processes in the molecule.
